Abstract
Introduction

37
The consumption and development of functional foods have been growing rapidly in recent 
52
In excess of a million tons of spent coffee grounds, remaining after the commercial 53 production of coffee beverage, are produced each year and at one time they were used to feed 54 racehorses until the authorities realised that the grounds contained caffeine, a well-known 55 stimulant. Starbucks are reported to be working to convert coffee grounds into laundry 56 detergents and bioplastics, while Nestlé incinerate the grounds and use it as a heat source to cook 
Materials and methods
74
Chemicals
75
Caffeic acid, ferulic acid, sinapic acid, 5-O-caffeoylquinic acid (5-CQA), caffeine, human saliva 76 α-amylase (300-1500 U/mg protein), pepsin (674 U/mg), pancreatin (4 x UPS) and bile salts 77 were purchased from Sigma-Aldrich (Steinheim, Germany). 4,5-Dicaffeoylquinic acid (4,5- 
Spent coffee extract preparation
93
Arabica filter (24 g coffee/ 400 ml) and Robusta espresso (7g coffee/ 45 ml) coffee brews were 94 prepared to obtain spent coffee. Spent coffee extracts were prepared according to the method 
106
Briefly, 2 g of each spent extract was dissolved in 200 ml of water and transferred into a vessel 107 placed in a water bath at 37°C. The vessel was magnetically stirred and connected to a pH 108 sensor. Before each step the sample was sparged with N 2 to maintain a reduced O 2 atmosphere.
109
The three steps were carried out in absence of light. First, oral digestion was performed by 110 adding 500 μl of an α-amylase solution (32.5 mg of α-amylase dissolved in 25 ml 1 mM CaCl 2, 111 pH 7.0) and incubating for 15 min. The second gastric digestion step was carried out at pH 2.5 112 with HCl 6N and it was initiated by adding 547 μl of a pepsin solution containing 0.05 g of 113 pepsin/g of lyophilized spent coffee. After a 2 h incubation the gastric digestion was stopped by 114 raising the pH to 6.5 with 0.1 M NaHCO 3 . Finally for intestinal digestion, 5 ml of a mixture of 115 pancreatin and bile salts (0.1 g of pancreatin and 0.625 g of bile salts in 25 ml of 1 M NaHCO 3 ) 116 was added to the vessel. The pH was adjusted to pH 7.5 with 0.1 M NaHCO 3 , and samples 117 incubated for 2 h. After each step an aliquot was collected, and the enzymes were inactivated 118 with heat treatment (4 min at 100 ºC), after which the samples were immediately cooled, freeze-119 dried and stored at -18 ºC prior to analysis. Each experimental condition was tested in triplicate.
120
For CGA analysis, the freeze dried spent coffee extracts and the digested samples were CGAs were analyzed using a Surveyor HPLC with a photodiode array (PDA) detector scanning CQA, hydroxycinnamic acids, dihydroferulic acid (DHF) and dihydrocaffeic acid (DHC).
170
Coefficients of linearity for the calibration curves were typically R 2 >0.99. CGAs and hydroxycinnamic acids were quantified by PDA at 325 nm, and 280 nm for DHC and DHF. 
Statistics
179
Results are shown as the mean ± standard deviation (SD). Student's t-test was applied for each
180
CGA group to know whether there were differences among spent coffee and the coffee brew.
181
One-way analysis of variance (ANOVA) was applied to determine significant differences (p ≤ was richer in FQAs, FQLs, C-FQAs and cinnamoyl-amino acids (Table 2) .
209
In vitro digestion 210 The proximal gastrointestinal stability of the CGAs contained in Arabica and Robusta spent 211 coffees was assessed using a three step in vitro model (Table 3 and Fig. 1 ). lactones were more affected in Arabica compared to Robusta spent coffee.
222
As mentioned above, overall CQAs and FQAs were relatively stable, although after in vitro 223 digestion, there were changes due mainly to variations in isomer levels ( Fig. 1) . Firstly, the 224 addition of α-amylase at pH 6.5-7 brought a decrease in the levels of 5-CQA, 17% (Arabica non-digested sample, while 4-CQA increased 11-25%. Similar results were observed for FQAs.
228
Following the simulated oral digestion, the spent coffees and coffee brews were subjected 229 to in vitro gastric digestion for 2 h. This reduced the concentrations of 3-and 4-CQA, although 230 the final values remained, respectively, ca. 25 and 5% higher than non-digested sample. The last 231 step was the addition of pancreatin and bile salt (pH 7), which had similar effects to those 232 observed after oral digestion. The final concentration of the 5-acyl isomers were ca. 12% (CQA)
233
and 19% (FQA) lower compared with the non-digested sample in both spent coffee samples.
234
Moreover, the increment average of 3-acyl isomers was 50% of the initial value, and 16% for 4-235 acyl isomers for Arabica filter spent coffee. In contrast, the increments of 3 and 4-acyl isomers (Table 4) . 
260
Compounds with the highest basolateral recovery were ferulic acid and dihydroferulic acid, (Table 5) .
269
Discussion
270
The by-product generated in the manufacture of coffee namely, spent coffee grounds, is a rich 271 source of a diversity of CGAs. The aim of the present study was to assess the bioaccessibility of 
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